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Summary
Hemoglob ine  (Hb)  i s  a  p ro te in  tha t  occurs  in  the  red  b lood ce l1s
o f  ver tebra tes .  I t s  most  impor tan t  func t j -on  is  the  t ransDor ta t ion
of  oxygen f rom the  lungs  to  the  t i ssues .  Hb,  as  i t  occurs  in
mammals ,  cons is ts  o f  four  subun i ts .  Each subun i t  con ta ins  a  heme
group wh ich  may revers ib ly  b ind  an  oxyqen molecu le ,  and a  po lv -
peot ide  cha in .  The oxygen t ranspor ta t ion  by  Hb is  an  e f f i c ien t
process ,  wh j -ch  is  ma in ly  due to  the  fac t  tha t  Hb may adopt
d i f fe ren t  s t ruc tu res ,  d .enend ing  on  the  oxyqen concent ra t ion .
At  h igh  oxygen concent ra t ion .  Hb has  a  s t ruc tu re  (R:  re laxed)  in
wh ich  i t  has  a  h igh  oxygen a f f in i t v .  I f  the  oxygen concent ra t ion
drops ,  Hb adoots  a  s t ruc tu re  (T :  tense)  in  wh ich  i t  has  a  much
lower  oxygen a f f j -n i ty .  As  a  consequence,  a  subs tan t ia l  par t  o f  the
oxygen bound by  Hb is  re leased.  Geomet r ica l l y ,  the  R and T  s t ruc-
tu res  d i f fe r  ma in ly  in  the  o  r ien ta t ion  o f  the  four  subun i_ ts
re la t l ve  to  each o ther ,  the  quaternary  s t ruc tu re .  I t  i s  no t  we l l
unders tood ye t ,  how a  change in  ouaternarv  s t ruc tu re  causes  a  chanoe
in  oxygen a f f in i t y .  The on ly  adequate  theory  on  th i -s  sub jec t  has
been deve loped by  Peru tz .  The c ruc ia l  po in t  in  th is  theory  i s  the
in te rac t ion  be tween the  quaternarv  s t ruc tu re  and the  pos i t ions  o f
the  l ron  and the  i ron- l inked prox i rna l  h is t id ine  re la t i ve  to  the
heme p lane.
In  th is  thes is ,  the  in f luence o f  the  c rua ternary  s t ruc tu re  chanqe
f rom R to  T  on  the  heme group is  inves t iga ted .  The mode lsys tems
chosen,  a re  some methemoglob in  (metHb)  der iva tes ,  o f  wh ich  the
quaternary  s t ruc t res  may be  changed f rom R to  T  by  add i t ion  o f
2r3
i nos i to lhexaphosphat -e  ( IHP) .  MetHb is  Hb in  wh ich  the  i ron  o f  the
heme group (an  i ronporphyr in )  has  been ox id j -zed  f rom fe r rous  to
f e r r i c .  L i g a n d s  t h a t  m a y  n o w  b e  b o u n d  t o  t h e  i r o n ,  i n s t e a d  o f  C - 2 ,
a r e  F  H - O  ó r  o H  T h e  F e ( I f I )  i n  m e t H b F  i s  a l m o s f  c o m n l e È e l v  i n,  . L ) v  r v \ r r r l  L  u v r [ y r s L s r J  l r r
t h a  h i a h  c n i n  q  -  ( / ?  c + 2 + ó  T -  m e t H b H . O / O H ,  t h e r e  i s  a nv " / A , v 9 q u 9 .
equ i l ib r ium between the  H2O and OH as  the  l igand.  Depend ing  on  the
n n s i f i o n  n f  f h i <  g q u i l i U r i , r * ,  t h e  h i o h  s n i n  f r a r : t i o n  v a r l e s  f r O m
0 . 5 0  a t  h i - g h  p H  t o  0 . 7 5  a t  l o w  p H .  T h e s e  m e t H b  d e r i v a t i v e s  h a v e
been j -nves t iga ted  us ing  absorp t i -on  and tempera ture  depenCent
m a g n e t i c  c i r c u l a r  d i c h r o l s m  ( M C D )  e x p e r i m e n t s .
A  m o d e f  i s  p r e s e n t e d ,  d e s c r i b i n g  t h e  o p t i c a l  s p e c t r a  o f  t h e
heme group in  the  h igh  sp in  fe r r i c  s ta te .  The bands in  the  spec t ra
f r o m  t h e  n e a r  i n f r a r e d  t o  t h e  n e a r  u l t r a v i o l e t  a r e  a s s i g n e d  t o  t w o
*
porphyr in  fT  +  f l  t rans i t ions ,  four  porphyr in  n  +  Fe d  charge
t r a n s f e r  t r a n s i t i o n s  a n d  t h r e e  v i b r o n i c a l l y  i n d u c e d  b a n d s .  T h e s e
t rans i - t ions  are  descr ibed in  the  doub le  c Í rouo D, ,  * .  Tab1es o f  the4 n
c o u p l l n q  c o e f f i c i e n t s  o f  t h i s  g r o u p  a r e  g i v e n .  T h e  m o s t  i m p o r t a n t
q u a n t i t i e s  i n  t h e  m o d e l -  a r e  d e t e r m i n e d  u s i n q  a  f i t  o f  t h e  a b s o r p -
t ion  spec t rum o f  metHbF and an  ana lys is  o f  the  spec t ra  o f  I IbCO.
W i t h  t h e  m o d e l ,  t h e  d i n o f e  s t r e n q t h s  o f  L h e  v i b r o n i c a l l y  i n d u c e d
bands may be  es t imated  and the  tempera ture  dependent  I \ ÍCD spec t ra
o f  m e t H b F  c a n  b e  c a f c u l a t e d .  T h e  r e s u l t s  o f  t h e s e  c a l c u l a t i o n s
a g r e e  r e a s o n a b l y  w e l l  w i t h  t h e  e x p e r i m e n t a l  d a t a .
T h e  s p e c t r a l  c h a n g e s  o c c u r i n g  u p o n  a d d i t i o n  o f
w h l c h  c a u s e s  a n  R  +  T  t r a n s i t i o n ,  c a n  b e  s i - m u l a t e d
Á
t h i s  m o d e l  b y  c h a n g i n g  t h e  e n e r q y  o f  t h e  F e - e _ "  ( d
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The absorp t ion  and l4CD spec t ra  o f  the  h igh  sp in  f rac t ion  o f
metHbHro and metHbOH- in the R and T structures are calculated from
th is  mode l -  a lso ,  by  ad jus t ing  on ly  the  energy  o f  the  Fe-e-ds
orb i - ta ls .  In  the  ca lcu la t ion  o f  the  spec t ra l  d l f fe rences  be tween
metHbHrO, /OH in  the  R and in  the  T  s t ruc tu res ,  as  a  func t ion  o f  pH,
the  inc rease o f  the  h iqh  sp in  f rac t ion  o f  the  metHbOH component
upon the  R +  T  t rans i t ion  is  taken in to  account .  For  these
der iva t ives  a lso ,  there  j -s  reasonab le  agreement  be tween theory  and
exper iment .
Regarding the inf luence of the quaternary structure on the heme
group,  i t  i s  conc luded tha t  the  R +  T  t rans i t ion  causes  a  lower ing
o f  t h e  e n e r g y  o f  t h e  F e - e - d  o r b i t a l s ,  w i t h o u t  s u b s t a n t i a l l y
I
chang ing  any  o f  the  o ther  quant i t ies  tha t  de termine the  absorp t ion
and MCD spec t ra .  From th is ,  de f in i te  conc lus ions  regard ing  the
geomet ry  o f  the  heme group cannot  be  drawn ye t .  However ,  i t  i s
a rgued tha t ,  a t  leas t  in  metHbF,  a  lenqthen ing  o f  the  Fe-prox ima l
h is t id ine  bond is  more  l i ke ly  to  occur  upon an  R +  T  t rans i t ion ,
than a  change in  the  pos i t ion  o f  the  i ron  re la t i ve  to  the  heme
plane.  Th is  may.be  an  exp lanat ion  fo r  the  cont roversy  in  the
I i te ra tu re  be tween the  theorv  o f  Peru tz  and the  resu l ts  f rom
resonance Raman exper iments .
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